. CIEL*a*b* coordinate space.
Determination of cobalt oxidation state
The magnetic susceptibility of CaAl 11 Co 0.5 Ti 0.5 O 19 and CaAl 10 CoTiO 19 was measured using a Quantum Design Model 6000 Physical Properties Measurement System in a constant 0.5 T field from 5 -300 K (SI fig. 2(a) ). The data was then fit to the Curie-Weiss Law in the region of 150 -300 K. The resultant magnetic moments are higher than the expected spin-only values for a high-spin d 7 electron configuration. However, Co 2+ commonly has much higher measured magnetic moments due to L+S coupling resulting in moments ranging from 4.2 to 5.2 μ B . The magnetic moments of CaAl 11 Co 0.5 Ti 0.5 O 19 and CaAl 10 CoTiO 19 fit within the framework of L+S coupled high spin Co 2+ . M sites have an occupancy of 1, except for M2, which has 
